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TO THE EDITOR
Ascorbic acid (AA) acts as an electron
donor to reduce reactive oxygen
species and also acts as a cofactor for
hydroxylation of procollagen (Peter-
kofsky and Udenfriend, 1965; Bielski
et al., 1975; Nishikimi, 1975). In
addition to these functions, AA has
another beneficial effect on the skin.
AA protects keratinocytes from reactive
oxygen species–mediated damage after
UVB irradiation in vitro (Stewart et al.,
1996). However, the effect of an AA
deficiency on skin, especially the epi-
dermis, is not yet clear.
Hairless mice are commonly con-
sidered to be a valuable animal model
for skin research. However, previously
established lines of hairless animals,
such as mice, effectively synthesize
AA in vivo. Previously, we identified
that senescence marker protein-30
(SMP30) was a gluconolactonase
(GNL), the essential enzyme of the
AA synthesis pathway (Kondo et al.,
2006). In addition, SMP30/GNL
knockout mice developed symptoms
of scurvy when fed an AA-deficient
diet. To clarify the pivotal role of AA in
the skin, we mated SMP30/GNL
knockout mice with hairless mice
and established a new strain of
SMP30/GNL knockout hairless mice.
The features of this new strain are
hairlessness and incapability of syn-
thesizing AA in vivo. Because mice
of this strain have black eyes, black
ears, and a black tail, they look like a
devil and hence are called ‘‘devil
mice’’ (Figure 1a). In the present study
of our newly developed devil mice,
we proved that AA depletion of the
skin leads to epidermal atrophy and
UVB-induced skin pigmentation.
A detailed description of procedures
is provided in Supplementary Materials
and Methods online. Five-week-old
devil mice were divided into following
four groups: AA supplemented (AA
(þ )), AA deficient (AA ()), UVB irra-
diatedþAA supplemented (UVB AA
(þ )), and UVB irradiatedþAA defi-
cient (UVB AA ()). This AA supple-
mentation was enough to maintain
Abbreviations: AA, ascorbic acid; GNL, gluconolactonase; HE, hematoxylin–eosin; SMP30, senescence
marker protein-30
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normal AA levels in many tissues
(Iwama et al., 2011). UVB irradiation
was performed three times a week.
Body weights of AA () and UVB AA
() groups gradually decreased after the
fifth week and until the experiment
ended (Figure 1b). At 8 weeks, mean
body weights of AA (þ ), AA (), UVB
AA (þ ), and UVB AA () groups were
22.8±1.0, 17.3±0.8, 22.6±0.5, and
15.9±0.6 g, respectively. Mean body
weights of AA () and UVB AA ()
groups were significantly lower than
that of AA (þ ) and UVB AA (þ ) groups
at 8 weeks. AA contents in the skin of
AA () and UVB AA () groups were
significantly lower than that of AA (þ )
and UVB AA (þ ) groups at 4 and 8
weeks (Figure 1c).
AA is involved in the inhibition of
melanin production by reducing dopa-
quinone to dopa in the melanocytes.
However, the inhibitory mechanism of
melanin production by AA in the skin
has not been fully elucidated in vivo.
Therefore, we next assessed the effects
of an AA deficiency on the UVB-
induced skin pigmentation. The L*
value (indicator of skin color) decreased
gradually in the UVB AA (þ ) and UVB
AA () groups after irradiation began
(Figure 1d). There was a significant
difference in that the L* values in UVB
AA () groups were lower than in the
UVB AA (þ ) groups at 8 weeks (Figure
1d). Figure 1e illustrates the representa-
tive dorsal skin color of all test mice. At
8 weeks, dorsal skin color of the UVB
AA () group was darker than that of
the UVB AA (þ ) group (Figure 1e). We
also observed that large areas of mela-
nin pigments occupied all epidermal
layers in the UVB AA () group at 8
weeks (Figure 1f). These results indi-
cated that an AA deficiency in the skin
accelerated UVB-induced melanin pro-
duction.
To investigate the effect of AA
deficiency on histologically evaluated
changes in the skin, we performed
hematoxylin–eosin (HE) staining and
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Figure 1. Effects of ascorbic acid (AA) deficiency on AA and dehydroascorbic acid content and UVB-induced skin pigmentation. (a) Representative photograph
of devil mice. (b) Body-weight changes (difference from the mean body weight at week 0) of all four groups. Values are expressed as means±SEM of five
animals. *Po0.01, **Po0.05 compared with AA (þ ) and UVB AA (þ ) groups. wwPo0.05 difference between UVB AA (þ ) and UVB AA () groups.
(c) AA (closed column) and dehydroascorbic acid (open column) contents in the skin. Values are expressed as means±SEM of five animals. (d) Time course of L* value
(a measure of skin lightness). Values are expressed as means±SEM of five animals. *Po0.01 compared with AA (þ ) and AA () groups. wPo0.01 compared with
UVB AA (þ ) group. (e) Representative photographs of dorsal skin after UVB exposure for 4 and 8 weeks. (f) Fontana–Masson staining of dorsal skin specimens after
UVB exposure for 8 weeks. Arrows indicate melanin pigment. Der., dermis; Epi., epidermis; N.D., not detected. (e) Bar¼1 mm, (f) bar¼ 10mm.
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measured the thickness of dermal and
epidermal dorsal skin. Histologically,
all dermis samples were normal and
without significant differences (Supple-
mentary Figure S1 online). In the epi-
dermis, the epidermal thickness was no
different between AA (þ ) and AA ()
groups at 4 weeks. By 8 weeks the
epidermis of AA () groups was sig-
nificantly thinner than in the AA (þ )
group (Figure 2a and b). The skin of AA
() mice at 4 weeks contained only
6.3% as much AA as that of AA (þ )
mice, and AA was no longer detectable
in the former group’s skin at 8 weeks
(Figure 1c). These results indicate
that a severe AA deficiency leads to
epidermal atrophy. Moreover, epider-
mal thickness was significantly
increased in the UVB AA (þ ) and
UVB AA () groups at 4 weeks after
irradiation (Figure 2a and b). Repeated
UVB irradiation induces proliferation
of keratinocytes (Seike et al., 2002).
Similarly, keratinocytes proliferated in
the UVB AA () group at an early stage
of the experiment but was unable to
continue because of the increasing AA
deficiency in the skin. Presumably,
then, AA is required for continued
proliferation of keratinocytes.
We further investigated the effects
of AA deficiency on the terminal
differentiation of keratinocytes using
differentiation markers at 8 weeks.
Localizations of involucrin, filaggrin,
loricrin, and keratin 14 were detected
in the suitable layers of the epidermis in
all four groups (Figure 2c). Moreover,
immunohistochemical localization of
type IV collagen at the dermal–epider-
mal junction was unchanged among
the four groups. We also checked
protein levels of epidermal differentia-
tion markers (involucrin, filaggrin, lori-
crin, and keratin 14) (Supplementary
Figure S2 online). Protein levels of
involucrin and loricrin were unchanged
among the four groups, and filaggrin
and keratin 14 were significantly in-
creased in the UVB AA (þ ) group.
However, protein levels of these differ-
entiation markers were not changed
between AA (þ ) and AA () groups.
These results indicated that the epider-
mis remained intact even in an AA-
deficient state and despite epidermal
atrophy. Bhattacharyya and Thomas
(2004) observed epidermal atrophy in
the skin of aging mice. Therefore, devil
mice might be valuable for the evalua-
tion of skin aging.
In summary, we have developed and
established a new strain of devil mice
that completely lack AA-synthesizing
capacity in vivo and have skin with the
features of hairlessness and melanin
pigmentation. In these devil mice,
we found that AA deficiency leads
to epidermal atrophy and increased
UVB-induced skin pigmentation. Our
results indicate that AA has a pivotal
role in the epidermal structure in vivo.
Moreover, devil mice have become a
new and effective human-like animal
model for investigating the effect of AA
on the skin.
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Figure 2. Effects of AA deficiency on epidermal morphology. (a) High magnification of the epidermis from the skin of all four groups is shown. (b) Epidermal
thickness in hematoxylin–eosin (HE)-stained sections was measured as the distance between the top of the basement membrane and the bottom of the
stratum corneum at five randomly selected fields from each animal. Values are expressed as means±SEM of five animals. (c) Immunofluorescence staining
of involucrin, filaggrin, loricrin, keratin 14, and collagen type IV. AA, ascorbic acid; Der., dermis; Epi., epidermis. Bar¼20 mm.
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TO THE EDITOR
The remarkable clinical benefit of
donor-lymphocyte infusions, as well as
the finding that human T cells can
destroy chemotherapy-resistant cell
lines from chronic myeloid leukemia
and multiple myeloma, has encouraged
the development of immunotherapeutic
strategies against hematological can-
cers. Vaccination with leukemia-asso-
ciated antigen peptides might constitute
one way to induce clinical responses in
patients (Van et al., 2010). The survivin
protein is expressed in high levels in
most hematopoietic malignancies and
solid cancers (Adida et al., 2000), but is
absent in normal, differentiated tissues.
Survivin is a survival protein that has
been implicated in protection from
apoptosis and regulation of mitosis.
Thus, the attractiveness of using survi-
vin as a target for clinical intervention is
based on the fact that tumor escape by
downregulation or loss of expression
of this protein would impair sustained
tumor growth. Consequently, several
clinical trials targeting survivin with a
collection of different approaches
from small-molecule antagonists to
immunotherapy are currently under
way. With regard to the latter, sponta-
neous anti-survivin T-cell reactivity was
first described in cancer patients suffer-
ing from a wide range of cancers of
different origin, including chronic lym-
phocytic leukemia and acute myeloid
leukemia, about 10 years ago (Ander-
sen et al., 2007). When used in an oral
DNA vaccine, the survivin-directed
immune response affected both tumor
cells and tumor-associated angiogen-
esis, eradicating pulmonary metastases
without toxicity, including wound heal-
ing or fertility in preclinical studies
(Xiang et al., 2005). Furthermore,
although activated B and T cells express
survivin, it has been described that
survivin-specific cytotoxic T lympho-
cytes (CTLs) did not recognize and
kill such cells ex vivo (Schmidt et al.,
2003). These and several other precli-
nical studies justified clinical testing
to evaluate the efficacy and safety of
survivin-based vaccinations. Conse-
quently, survivin-directed immuno-
therapy was quickly moved to the
clinic, and several survivin-based vac-
cination trials are currently ongoing at
different institutes (Andersen et al.,
2007).
T-cell responses toward survivin
have almost only been studied in the
context of HLA-A2. Only very few
studies have examined additional
HLA-restricted survivin immunity
(Reker et al., 2004a, b). The set of
HLA molecules expressed in a particu-
lar person is highly individual and
allows each person to present a specific
pattern of foreign peptides to the
immune system. Nevertheless, specific
HLA class I alleles have a high degree
of sequence homology and share simi-
lar peptide-binding motifs, resulting in
the presentation of identical epitopes,
owing to which they are referred
to as HLA superfamilies (Sette and
Sidney, 1998). To date, nine major
HLA class I superfamilies have been
classified according to similar peptide-
binding motifs.
A highly interesting non-HLA-A2–
restricted survivin-derived epitope is the
HLA-A11–restricted epitope Sur53-62
(DLAQCFFCFK) (Reker et al., 2004b).
On monitoring T-cell reactivity against
survivin in a melanoma patient in com-
plete regression following IL-2–based
immunotherapy, we found persistence
of HLA-A11–restricted Sur53-62–speci-
fic T cells for more than 7 years
(Hadrup et al., 2006). This could
suggest that T-cell responses against
Abbreviations: CTL, cytotoxic T lymphocyte; MM, malignant melanoma; TILs, tumor-infiltrating
lymphocytes
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